required. Dipping was done twice in a year after each shearing.
Data
Records of 4,628 lambs, the progeny of 165 rams (sires) of the purebred Muzaffarnagari sheep flock, maintained at Central Institute for Research on Goats (CIRG), Makhdoom, collected from All India Coordinated Research Project on Sheep breeding for mutton production for a period of 25 years were used for the study. The base population year was 1978. All the animals before 1978 were purchased on and assumed to be unrelated and not inbred. The foundation animals included 240 adult ewes. Five rams were used as foundation sires in the initial establishment of the flock. The flock originated in1976, and since then it had been closed to outside breeding except for 10 proven rams was introduced briefly in 1982 to 1984. Besides this, a total of another set of 10 proven rams was introduced in the year 2001.The breeding system followed to use sons of the bestproven sires and to keep them in service until sufficient ewes (20 or more) were bred to each one in every year. The rams were used for about three years. Dates of death were recorded and necropsy was performed for all dead animals within 24 h of death. The cumulative survivability of lambs i.e., lambs survived up to 3, 7 and 15 days, 1, 2, 3, 6, 9 and 12 months was considered for the study.
Statistical analysis
All known relationships among all animals were used to compute inbreeding coefficients. Inbreeding was measured by Wright's formula and was computed from pedigree traced in all lines to animals. The dependant variable (survival) had the value 1 if the lamb was alive at that particular age and 0 otherwise. The cumulative survivability of lambs at 3, 7 and 15 days, 1, 2, 3, 6, 9 and 12 months of age were analyzed by mixed model least-squares procedure (Harvey, 1990) . The model included main effects for year and season of birth, sex and type of lamb born (single vs. multiple) and interaction effects. The linear and quadratic partial regression of inbreeding of lamb and of dam was fitted along with main effects and their interactions.
In the initial model, all 2 way interactions and quadratic partial regression of inbreeding of lamb and of dam on the dependent variables were found non-significant and were ignored in the final model, which is as follows:
Where, Y ijklm is the record for the m th animal P i is the effect of the i th year of birth S j is the effect of the j th season of birth A k the effect of the k th sex of lamb S l is the effect of the l th type of lambing b 1 is the linear regression coefficient for the inbreeding of lamb b 2 is the linear regression coefficient for the inbreeding of the dam e ijklm is the residual error element with standard assumptions.
RESULT AND DISCUSSION
The number of animals and average inbreeding coefficients of the flock for lamb and ewes from 1978 to 2002 are presented in Table 1 . More than half of the animals (52.18%) of the total lambs born during this period were inbred to some extent and a small proportion of these inbred animals (10.4%) had inbreeding coefficient of higher than 6.25%. Considering all lambs born during the last 25 years period, the average level of inbreeding was 1.60% compared to the 3.07% of the inbred lambs, which might be because of the introduction of outside rams. The maximum level of lambs inbreeding in the flock was 26.4%. The average inbreeding coefficient of dam over the periods was 1.00% and it ranged from 0 to 25.0%. The maximum level of 26.4% inbreeding for lambs indicates that mating as intense as the repeated mating of sire to daughter and granddaughter may have been practiced at least once for a few animals. The annual inbreeding of lambs and its dams for the last 25 years is illustrated in Figure 1 . The accumulated inbreeding of lamb in the flock after 25 years period averaged 0.28%. Figure 1 denotes more or less linear trend of increment of the annual inbreeding of lamb over periods up to the year 2000 and afterwards a decrease was observed. This can be attributed to introduction of 10 proven sires from outside into the flock in the year 2001 as well as increased effort to avoid the mating of closely related animals. There was also more or less linear trend of increment of dams inbreeding over periods in this study. However, magnitude of lambs inbreeding was always higher in all the years than dams inbreeding except for the year 2001 and 2002. The increase in inbreeding rates for later periods might be associated with the use of a large number of sons and grandson of a few sires that were considered outstanding during the period.
The effects of different non-genetic factors on various lamb traits have been presented in Table 2 . The least-square mean and regression coefficients of lambs and dams inbreeding for cumulative survival rate of lambs at different ages are presented in Table 3 . Inbreeding of the lamb had highly significant (p<0.01) adverse effect on lamb survival up to 15 days; and 1, 2, 9 and 12 months of age after birth, whereas the effect was significant at 5% level (p<0.05) on lamb survival up to 3 and 6 months of age after birth. On an average, 1% increase in individual inbreeding coefficient should reduce the 0.31, 0.34, 0.32, 0.31, 0.33, 0.44 and 0.49 percent lamb survival up to the age of 15 day; 1, 2, 3, 6, 9 and 12 months, respectively. The effect of inbreeding on lamb survival at different ages has been the subject of several repots and reviews (Doney, 1957; Lax and Brown, 1967; Galal et al., 1981; Wiener et al., 1983; Afifi et al., 1984; Lamberson and Thomas, 1984; Ercanbrack and Knight, 1991) and regression coefficients varied considerably from -0.007 to -0.444. The regression coefficients estimates for lamb survival rate at different ages up to 1 year of age in the present study is well comparable to reported estimates of various workers in different sheep breeds. However, Lamberson et al. (1984) reported higher regression coefficients of inbreeding on lamb survival to 7 day (-1.1%) and 90 day (-1.3%) as compared to the present findings.
The studies on inbreeding from the present experiment showed that considerable inbreeding depression occur for lamb survival at different ages of life. There is linear relationship between lamb's inbreeding and survival, which suggested that dominance was the major factor in the occurrence of depression in the study. Since the trait of low heritability like lamb survival tends to exhibit less additive genetic variation and more dominance deviation, this study is in general agreement with the dominance theory as an explanation of genetic basis of inbreeding depression (Clarke, 1982) . Under the dominance theory, the depression in performance will be more marked the greater the degree of dominance shown at each locus, and the greater the proportion of loci at which the dominant allele (alleles) is associated with favorable expression for the traits (directional dominance). Inbreeding increases the frequency of loci that are homozygous for either dominant or recessive alleles. The effect of increased homozygosity brought about by inbreeding is a decrease in performance. If however, there is no directional dominance and only additive gene effects; there will be no reduction in the population mean from inbreeding (Clarke, 1982) . Ewes inbreeding had no significant (p>0.05) effects on lamb survival at all ages, which is in agreement with the findings of Galal et al. (1981) , Lax and Brown (1967) and Van Wyk et al. (1993) in different breeds of sheep.
CONCLUSION
The present study revealed that mild inbreeding developed in the flock of Muzaffarnagari sheep since 1981 and thereafter it increased. There was some accumulation of inbreeding as a consequence of the small effective size of some lines. The average lambs inbreeding percent was always higher than ewes from 1981 to 2000. Fluctuations in lambs as well as ewes inbreeding were observed in different years under study. There was a slow trend in accumulation of inbreeding in later periods for animals having inbreeding coefficient from 0 to 6.25 %. The sharp decrease of level of inbreeding of lamb in the flock from the year 2001 occurred due to introduction of proven rams from outside. The resulting inbreeding depression of lambs was significant on lambs' survival up to 15 days, 1, 2, 3, 6, 9 and 12 months of age. Ewes inbreeding had non-significant effects on lamb survival at all ages. As the level of inbreeding of lambs reduced the survivability of lambs, so there is urgent need to control inbreeding in the flock by restricting the coselection of siblings, selecting more sires and dam, increasing the ratio of sires to dam and increasing the number of dams from commercial herds.
